Reaming Errors in Intramedullary Nailing
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ABSTRACT
Reaming for intramedullary implants has biomechanical
and biologic benefits. However, there are multiple
potential pitfalls in the reaming process. Common
errors in reaming for intramedullary implants include:
over-reaming or under-reaming the intramedullary
canal, reamer incarceration, using dull or narrowfluted reamers, and poor technique. Being aware of
these potential problems with reaming helps surgeons
avoid intraoperative issues altogether or diagnose
their causes as they arise, decrease complications, and
improve efficiency in the operating room.
Keywords: Intramedullary nailing; Femoral fractures;
Tibial fractures; Surgical errors

INTRODUCTION
Reaming for intramedullary implants increases the
diameter of the medullary canal, allowing a larger
diameter nail to be used, resulting in increased stability.1
Reaming also generates autograft which collects at the
fracture site and in animal models has shown increased
union rate.2-4 Multiple studies have demonstrated
higher union rates and lower rates of return to the
operating room with the use of reamed intramedullary
nailing compared to un-reamed intramedullary nails.5-7
Although reaming has the potential to improve
outcomes when performed properly, it is important for
surgeons to recognize the potential pitfalls that can be
encountered during reaming. This article reviews five
categories of errors in reaming for intramedullary nails.
These errors include over-reaming, under-reaming,
reamer incarceration, using dull or narrow-fluted
reamers, and poor technique (Table 1). Recognizing
these errors allows surgeons to avoid them or identify
problems when they occur intraoperatively, optimizing
outcomes as a result.

OVER-REAMING
Two types of over-reaming can occur: over-reaming
compared to the nail diameter and over-reaming
compared to endosteal diameter. Historically, larger
diameter nails were used, which required femoral
reaming to 18 millimeters or more. Currently, locking
femoral nail diameter ranges from 9 millimeters to
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12 millimeters. Locking tibial nail diameter typically
ranges from 8 millimeters to 10 millimeters. Literature
supports reaming to 1 millimeter to 1.5 millimeters larger
in diameter than the locking intramedullary nail size
selected to prevent iatrogenic fracture, deformation
of the nail, or fracture malreduction during insertion
of the nail.8,9 Stainless steel nails with a large radius of
curvature may require reaming 2 millimeters larger in
diameter than the intramedullary nail size.10 Reaming
to accommodate larger diameter nails in average-sized
patients or reaming greater than 2 millimeters larger
than the nail diameter is considered “over-reaming,” and
has several potential associated complications.
Over-reaming can also place patients at unnecessary
risk of systemic complications. Lee et al11 performed
a prospective study evaluating embolic load
using transesophageal echocardiography during
intramedullary implantation of the tibia or femur.
The authors noted that reaming (when compared to
other steps in intramedullary implantation) created
the highest embolic load in both the tibia and femur
groups, with the femur group demonstrating a 215.0%
increase in embolic load compared to the tibia group.11
Baur et al12 demonstrated that in the setting of blunt
chest trauma, reamed nailing caused more significant
cardiac alterations when compared to unreamed nailing.
These studies demonstrate the potential cardiac and
pulmonary risks of reaming, especially in patients
with multiple injuries.11-12 Over-reaming can therefore
unnecessarily place patients at increased risk of these
complications.
Historically, prior to the use of locked-nails, overreaming resulted in decreased rotational stability of
the implant, and risk of shortening at the fracture site
due to decreased interference fit.9 Using interlocking
screws through the nail decreases the risk of rotational
and axial instability; however, over-reaming places
increased stress at the interlocks with weight-bearing.9,13
Increased stress at the interlocking screws can result in
broken implants and angular deformity at the fracture
site. Serrano et al14 demonstrated a trend of increased
average healing time with over-reaming by greater than
2 millimeters compared to over-reaming 0.5 millimeter
or 1 millimeter, although this did not reach statistical
significance. In addition, over-reaming risks unnecessary

Table 1: Errors in reaming for intramedullary nails and associated consequence(s) of errors.
Reaming Errors

Consequence(s) of Error

Over-Reaming

Decreased interference fit
Thermal injury
Malunion, delayed union, or nonunion

Under-Reaming

Difficulty in advancing or removing nail
Nail incarceration
Distraction at fracture site
Malunion, delayed union, or nonunion

Reamer Selection
– Dull reamer
– Narrow flutes
– Non-cannulated reamer

Increased intramedullary pressure
Fat embolism
Risk of reamer incarceration

Reamer Selection
– Non-cannulated reamer

Inability to use ball-tipped guidewire
Increased operative time
Eccentric reaming
Malunion

Incarcerated Reamers
– Increasing reamer size too quickly
– Running reamer counter-clockwise

Need for corticotomy to remove reamer
Unplanned removal of ball-tipped guidewire
Increased operative time

Reaming Technique
– Reamer entry point and path

Malreduction
Malunion
Eccentric reaming

Reaming Technique
– Tourniquet use during reaming

Thermal injury to cortical bone and potentially skin/soft tissue
Delayed union or nonunion

Reaming Technique
– Failure to use a ball-tipped guidewire
– Failure to use an obturator

Reaming Technique
– Failure to remove reaming debris

thermal injury to cortical bone.15 The biomechanical and
thermal effects of over-reaming can lead to nonunion,
malunion, and/or hardware failure.

UNDER-REAMING
Reaming to accommodate tibial nails less than 7
millimeters in diameter or femoral nails less than 9
millimeters in diameter in average-sized patients, or
reaming less than 1 millimeter larger in diameter than
the nail size, is considered under-reaming. Underreaming can lead to incarceration of the intramedullary
nail in the intramedullary canal, which can result in
inability to pass the nail and/or iatrogenic fracture.16 If
the surgeon has not reamed to a large enough diameter
(typically 1.5 millimeters larger than the planned
implant) the nail may become incarcerated while trying
to place the final implant.16 This can lead to difficulty
in advancing or removing the nail, and may ultimately
require a corticotomy if the implant is unable to be
removed.16
Under-reaming for an intramedullary implant can
also result in distraction at the fracture site, potentially
causing lengthening and/or nonunion. If the nail is

Eccentric reaming
Malunion
Fracture comminution
Unplanned removal of ball-tipped guidewire
Increased operative time
Heterotopic ossification

passed but distraction at the fracture site is noted,
this can be addressed by placing a distal interlock for
antegrade nails or proximal interlock for retrograde
nails, and then backslapping the nail. Another option is
to remove the nail and ensure that the canal has been
reamed to 1 millimeter to 1.5 millimeters larger than the
nail. If the canal has already been reamed to this point,
reaming 0.5 millimeters larger than the previous final
reamer may assist in passage of the nail.

INCARCERATED REAMERS
A third error seen with reaming for intramedullary
nails is incarceration of the reamer itself. This typically
occurs when the reamer is advanced too quickly.
Surgeons should use gentle pressure and full speed
with power set to “ream,” which is typically two-thirds
the rotational speed used for drilling.17 Using gentle
and controlled forward pressure typically prevents
the reamer from advancing too quickly and becoming
incarcerated.
Increasing reamer diameter more than 0.5 millimeters
at a time can result in incarceration of the reamer and
resultant uncoiling of the reamer (Figure 1), particularly
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Figure 1. Photograph of uncoiled flexible intramedullary
reamer, which can occur if a coiled flexible reamer is run
on reverse while reaming.
coiled steel reamers when run counter-clockwise
(reverse).8,18,19 The reamer should never be run counterclockwise, even if it is incarcerated.16 Once uncoiling
has occurred, running the reamer in either direction
can cause further uncoiling.18 If the reamer becomes
incarcerated and/or uncoiled, a slotted mallet can
be used over the reamer against the drill attachment
or against a T-handle tightened to the ball-tipped
guidewire to tap the reamer out.18 This also usually
results in removal of the ball-tipped guidewire, which
is then replaced with a new guidewire.18 If the reamer is
unable to be removed in this fashion, open removal may
be required.18-20 Failure to use a ball-tipped guidewire
is another error which may impair the ability to remove
an incarcerated reamer.16,20 With a ball-tipped guidewire
in place, a vise-grip or pistol grip can be used to hold
the guidewire and tap with a mallet to remove the
incarcerated reamer. In the absence of a guidewire, an
open approach and corticotomies may be required for
removal.20

REAMER PROPERTIES
Reamer properties can also contribute to errors in
reaming for intramedullary implants. A dull reamer
can result in increased temperature, which can lead to
thermal necrosis and delayed healing.21 Dull reamers
also cause increased intramedullary pressure, which
can contribute to the systemic embolization of bone
marrow.22,23 One study showed that hospitals that
perform 40 to 60 intramedullary nails per year had the
dullest reamer heads; therefore, authors concluded
that hospitals in which many intramedullary nails are
performed should have the reamer heads checked
routinely and replaced when dull.24 Conical reamers
with larger flutes compared to narrow flutes also
demonstrated decreased intramedullary pressure.22,25
Therefore, the ideal reamer to prevent increased
intramedullary pressure is a conical, sharp reamer with
deep flutes (Figure 2).1,22,25
The first reamer used is a small-diameter, frontcutting reamer to cut a path down the intramedullary
canal.17 This initial reamer is typically 8.5 millimeters or
9 millimeters in diameter. Failing to start with a frontcutting reamer causes increased medullary pressure.
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Figure 2. Photograph of ideal reamer –
cannulated, sharp, conical reamer with
deep flutes.
Following the initial front-cutting reamer, side-cutting
reamers are used to enlarge the path created by
the front-cutting reamer.17 Reamer size is increased
sequentially by 0.5 millimeters until endosteal cortical
chatter is encountered and a nail 1 millimeter to 1.5
millimeters less than the largest reamer is selected.8,17

REAMING TECHNIQUE
Reaming technique has nuances that may not be
realized by surgeons until an error is encountered.
Understanding appropriate technique for reaming
increases efficiency and decreases potential
complications.
Reaming technique begins with the entry point
for the reamer, as it will become the eventual path
of the nail. The choice of entry point can help avoid
malreduction. For example, when nailing a proximal
tibia shaft fracture, the extended supra-patellar portal
allows for an anterior starting point for reaming and
is less likely to produce apex anterior fracture site
deformity than a flexed knee trans-patellar tendon
entry site. Additionally, coronal angulation (apex medial
or apex lateral) and resultant malreduction is a risk,
especially with distal tibia shaft fractures. Reaming
in a reduced position, particularly in the setting of
metaphyseal fractures, with the use of blocking screws
or temporary fixation (clamp or mini-plate) can help
prevent coronal malalignment during the reaming
process.
Using an obturator to ensure that the ball-tipped
guidewire remains in place while extracting the
reamer helps prevent accidental removal of the balltipped guidewire. Removal of the guidewire requires
replacement of the guidewire, which can be difficult in

Figure 3. Photograph of glove inadvertently
wrapped around reamer after running the
reamer while holding it with a gloved-hand.
This can also occur with the ball-tipped
guidewire if it is held with a gloved-hand.
complex fractures and add surgical time. In addition,
surgeons should avoid using a gloved-hand to hold
the ball-tipped guidewire in place while extracting the
reamer. Using an obturator prevents the surgeon or
assistant’s glove from becoming wrapped up on the
spinning ball-tipped guidewire or reamer (Figure 3),
which can potentially result in contamination requiring
new guidewire or reamer.
Moderate speed (two-thirds of the rotational speed
used for drilling) should be used for reaming.17 The
surgeon should not allow the reamer to be pulled down
the canal, but rather should advance slowly under
control. The reamer should not be stopped while in a
diaphyseal segment. If the reamer is stopped in the
isthmus of an intact bone segment, it can catch on an
edge of bone and cause a fracture line or comminution
when the reamer is restarted. Comminuted or intercalary
fragments can be displaced or spun with the reamer if
they are not secured during the reaming process, which
can result in devascularization and impaired healing.
Performing bone venting with a 4.5 millimeter
drill hole when placing an intramedullary implant in
bone without a fracture (e.g., prophylactic fixation for
impending fracture, lengthening, etc.) significantly
decreases the amount of intramedullary pressure
generated.26 Martin et al26 demonstrated in a cadaver
study that a single 4.5 millimeter drill hole in the
cortex of an intact femur or tibia resulted in a 70.0% to
90.0% reduction in the intramedullary pressures during
intramedullary reaming and placement of the implant.
Lower intramedullary pressure is thought to decrease
the risk of systemic fat embolism and acute respiratory
distress syndrome (ARDS).26

Risk of thermal injury during reaming is greater when
a tourniquet is used. Giannoudis et al27 performed a
randomized prospective study evaluating temperature
during reaming of the tibia with and without a
tourniquet and demonstrated a transient increase in
temperature with a tourniquet in place. Leunig and
Hertel described three cases of severe osteonecrosis
after reamed tibial nailing with a tourniquet on the
thigh.28 All three patients developed osteomyelitis
and skin necrosis, ultimately requiring resection, bony
reconstruction, and soft tissue coverage.28
Lastly, failure to remove reaming debris from the
soft tissue (i.e., the knee with a retrograde femoral nail
or gluteal musculature with an antegrade femoral nail)
can result in heterotopic ossification. Furlong et al29
demonstrated that reamed nails had an incidence of
35.7% of heterotopic ossification and un-reamed nails
had an incidence of 9.4% of heterotopic ossification.
Kent et al30 found that heterotopic ossification around
the knee in patients with tibial nailing and ipsilateral
femoral nailing was 74.0% in the setting of a retrograde
femur nail compared to 29.0% for antegrade femur nails.
This risk can be reduced with copious irrigation at the
entry site after reaming.

CONCLUSION
Reaming for intramedullary implants has many benefits,
however there are many chances for potential pitfalls
too. Surgeons should ream 1.5 millimeters larger in
diameter than the planned intramedullary nail with
sharp, cannulated, deeply fluted reamers, using good
technique to help avoid complications and optimize
outcomes.
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